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PROCESS FOR PREPARING PT7RTNE DERIVATTVES 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a process for 
5 preparing a prodrug foinnulation of ganciclovir and its 

pharxnaceutically acceptable salts. More specifically, the 
invention relates to a process for preparing the L- 
monovaline ester derived from 2- (2-andno-l, e-dihydro-S- 
oxo-purin-d-yl) -methoxy-1, 3-propane-diol and its phanna- 
10 ceutically acceptable salts. The invention also relates 
to novel intermediates useful in the above process and to 
a process for preparing those intermediates. 

Background Infonnation 

British Patent 1523865 describes antiviral purine 
15 derivatives with an acyclic chain in the 9-position. Among 
those derivatives 2- (2-amino-l, 6-dihydro-6-oxo-purin-9- 
yl)-methoxy-ethanol or 9-- [ (1, 3-dihydroxy-2-propoxy) - 
methyl] -guanine (DHPG) with the INN name acyclovir has 
been found to have good activity against herpes viruses 
20 such as herpes simplex. 

U.S. Patent 4,355,032 discloses the ccm^ound 9-[(2- 
hydroxy-l-hydroxymethyl-ethoxy) -methyl] -guanine or 2-(2- 
amino-1, 6-dihydro-6-oxo-purin-9-yl) -methoxy-1, 3- 
propanediol with the INN name ganciclovir. Ganciclovir is 
25 highly efficacious against viruses of the herpes family, 
for example, against herpes sinqplex and cytomegalovirus. 
Ganciclovir has the disadvantage of having limited 
solubility in water. 
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Buropeam Patent Application EP 0 375 329 discloses 
prodrug compounds with the following formula 



wherein R and R are independently selected from a 
hydrogen atom and an amino acyl residue providing at least 
one of R and R^ represents an amino acid acyl residue and 
B represents a group of the formulae 



in which R represents a Ci-6 straight chain, C3-6 
branched chain or C3-6 cyclic alkoxy group, or a hydro3^ 
or amino group or a hydrogen atom cuid the physiologically 
acceptable salts thereof. These prodrug coropoimds are 
described as having advantageous bioavailcJ^ility when 
administered the oral route, resulting in high levels of 
the parent compound in the body. 

Example 3 (b) European Patent Application EP 0 375 
329 discloses the preparation of the bis (L-isoleucinate) 
ester of gsuiciclovir as a white foam. Example 4 (b) 
discloses the preparation of the bis (glycinate) ester of 
ganciclovir as a \i^ite solid. Exan^le 5 (b) discloses the 
prepauration of the bis (L-valinate) ester of ganciclovir 
as a solid » Example 6 (b) discloses the preparation of the 
bis(L-alaninate) ester of ganciclovir as a syrup 
containing 90% of the bis ester and 10% of the monoester. 




OR 
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The bis-esters are prepared by reacting ganciclovir with 
an optionally protected amino acid or functional 
equivalent thereof; the reaction may be carried out in a 
conventional manner, for example in a solvent such as 
pyridine, dimethyl forroamide, etc., in the presence of a 
coupling agent such as 1. 3-dicyclohexylcarbodiimide, 
optionally in the presence of a catalytic base such as 4- 
dimethylaminopyridine . The described bis esters are non- 
crystalline materials which are difficult to process for 
the manufacture of oral pharmaceutical dosage forms. 

British Patent Application No. 8829571 is the 
priority patent application for European Patent 
Application EP 0 375 329 and US Patent No. 5,043,339, and 
discloses amino acid esters of the compounds of the 
formula 



(v^erein R represents a hydroxy or amino group or a 
hydrogen atom) and the physiologically acceptable salts 
thereof. Exanples of preferred amino acids include 
aliphatic acids e.g. containing up to 6 carbon atoms such 
as glycine, alanine, valine and isoleucine. The amino acid 
esters include both mono and diesters. The preparation of 
the diesters is identical to the preparation in European 
Patent Application EP 0 375 329; however, this patent 
application as well as European Patent Application EP 0 
375 329 and US Patent No. 5,043,339 do not disclose the 
preparation of monoesters, or any data suggesting their 



R 




OH 
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usefulness . 

Leon Col la et. al., J. Med. Chem. (1983) 26, 602-604 
disclose several water-soluble ester derivatives of 
acyclovir and their salts as prodrugs of acyclovir. The 
5 authors indicate that acyclovir cannot be given as eye 

drops or intramuscular injections because of its limited 
solubility in water and have therefore synthesized 
derivatives of acyclovir which are more water soluble than 
the parent compound* The authors disclose the 
10 hydrochloride salt of the glycyl ester, the hydrochloride 
salt of the alcinyl ester, the hydrochloride salt of the P- 

aleoiyl ester, the soditim salt of the succinyl ester, and 
the azidoacetate ester. The alanyl esters were prepared 
by conventional esterification methods, including reacting 

15 acyclovir with the corresponding N-carboxy-protected amino 
acid in pyridine, in the presence of 1,3- 
dicyclohexylcarbodiimide and a catalytic amount of p- 
toluenesulfonic acid and subsequently catalytic 
hydrogenation to give the alpha- and beta-alanyl esters as 

20 their hydrochloride salts. 

L. M. Beauchamp et. al., Antiviral Chemistry & 
Chemotherapy (1992), 3 (3), 157-164 disclose eighteen 
amino acid esters of the suitiherpetic drug acyclovir and 
their effectiveness as prodrugs of acyclovir, evaluated in 

25 rats by measuring the urinary recovery of acyclovir. Ten 
prodrugs produced greater amoxints of the parent drug in 
the urine than acyclovir itself: the glycyl, D,L-alanyl, 
L-alanyl, L-2-aminobutyrate, D,L-valyl, L-valyl, DL- 
isoleucyl, L-isoleucyl, L-methionyl, and L-prolyl ester. 

30 According to the authors the L-valyl ester of acyclovir 
was the best prodrug of the esters investigated. These 
esters were prepared by methods similar to those employed 
by Colla et. al. 
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European Patent Publication 308 065 discloses the 
valine and isoleucine esters of acyclovir, preferably in 
the L-fonn, as showing a large increase in absorption from 
the gut after oral administration, when compared with 
other esters and acyclovir. The amino acid esters are 
prepared by conventional esterification methods, including 
reacting acyclovir with an N-carbo3^-protected amino acid 
or an acid halide or acid anhydride of the amino acid, in 
a solvent such as pyridine or dimethylformamide, 
optionally in the presence of a catalytic base. 

PCT Patent Application WO 94/29311 discloses a 
process for the preparation of amino acid esters of a 
nucleoside analogue, including acyclovir and ganciclovir. 
This process comprises reacting a nucleoside analogue 
having an esterifiable hydroxy group in its linear or 
cyclic ether moiety, with a 2-oxa-4-a2a-cycloalkane-l, 3- 
dione of the formula 




wherein may represent hydrogen, C1-4 alkyl or alkenyl 
group or other amino acid side chains, and may 
represent hydrogen or a group COOR^ where R^ is a benzyl, 
t-butyl, fluorenylmethyl or an optionally halo substituted 
linear or branched Ci-s alkyl group. Preferred R^ groups 
include hydrogen, methyl, iso-propyl and isobutyl, 
yielding respectively the glycine, alanine, valine and 
isoleucine esters of acyclovir or ganciclovir. Examples 

1- 3 of PCT Patent Application WO 94/29311 discloses only • 
the condensation of acyclovir with the valine-substituted 

2- oxa-4-a2a-cycloalkane-l, 3-dione (Z-valine-N-carboxy- 
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anhydride) by conventional procedures. While the amino 
acid esters o£ the PCT application include both the 
acyclovir and ganciclovir (DHPG) esters, the application 
does not disclose how to prepeure the ganciclovir esters, 
5 much less the mono-esters of gctnciclovir. 

The L-monovaline ester derived from 2-(2-amino-l,6- 
dihydro-6-oxo-purin-9-yl)methoxy-l,3-propane-diol and its 
pharmaceutical ly accepteUble salts are potent antiviral 
agents and are described in European Patent A|>plication EP 
10 694 547 A. These compounds have been found to have 

in^roved oral absorption and low toxicity. This patent 
application also discloses certain processes for preparing 
these esters, different from those described herein. 

The present invention relates to an in^roved process 
15 for prep5tring the L^monovaline ester of geuiciclovir 

whereby ganciclovir is reacted with a silane conpound to 
provide a novel ganciclovir intermediate vdiich allows for 
mono-esterif ication by an L-valine derivative. This 
procedure ccxnpletely solubilizes the normally insoliible 
20 ganciclovir, producing an homogenous solution which can 
then undergo selective monoesteri float ion. What is more, 
this process is quicker and shorter theui the previously 
Icnown procedures for preparing the L-monovaline ester of 
ganciclovir. 

25 

SUMMARY OF THE INVENTION 

In a first aspect, this invention provides a process 
for preparing the compound of the formula I: 
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OH 




OH H2N 



and pharmaceutical ly acceptable salts thereof, which 
coinpoimd is named hereinafter 2-(2-amino-l,6-dihydro-6- 
oxo-purin-9-yl) -inethoxy-3-hydroxy-l-propyl-L-valinate or 
5 mono-L-valine ganciclovir. 

This process involves the reaction of ganciclovir 
with a si lane compound to provide a soluble g£mciclovir 
intermediate. This intermediate, in turn, allows for 
mono-esterification by an L-valine derivative, to provide 

0 a monovaline ester of gemciclovir, followed by removal of 
any protecting groups to yield the prodrug of Formula I. 
Optionally, the process can also include the formation of 
salts of the prodrug of Formula I, the conversion of an 
acid addition salt of the prodrug of Formula I into a non- 

5 salt form, the optical resolution of a prodrug of Formula 
I or the preparation of the prodrugs of Formula I in 
crystalline form. Details of the process are described 
below. 

In a second aspect, this invention provides a 
0 compound of Formula III which is a useful intermediate for 
preparing mono-L-valine ganciclovir and its pharma- 
ceutically acceptable salts: 
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wherein P is hydrogen or an amino-pro tec ting group and R 
is allcyl of 1-10 ceurbon atoms, aralkyl or aryl, and X is a 
halo, imidazo or an acetamido group. 

A third aspect of this invention is a process for 
prepcuring the novel intermediate of Formula III. 

DETAILED DESCRIPTION OF THE INVENTION 
Definitions 

Unless otherwise stated, the following terms used in 
the specification and claims have the meanings given 
below: 

*Alkyl' meains a straight or bremched saturated 
hydrocarbon radical having from one to the number of 
carbon atoms designated. For exanple, C1-7 alkyl is alkyl 
having at least one but no more than seven carbon atoms, 
e.g. methyl, ethyl, i -propyl, n-propyl, n-butyl, n-pentyl, 
n-heptyl and the like. 

''Lower alkyl* means an alkyl of one to six caurbon 
atoms. 

""Aryl' means an organic radical derived from an 
aromatic hydrocarbon by the removal of one hydrogen atom. 
Preferred aryl radicals are aromatic carbocyclic radicals 
having a single ring (e.g., phenyl) or two condensed rings 
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(e.g., naphthyl ) . 

"Aralkyl' means an alkyl group in which a hydrogen 
atom is replaced by an above-defined aryl group. 

"Acyl' n»eans an organic radical derived from an 
organic acid by the removal of the hydroxyl group; e.g., 
CH3CO- or acetyl is the acyl radical of CH3COOH. Other 
examples for such acyl groups are propionyl, or benzoyl, 
etc. The term "acyl- includes the term "alkanoyl- which is 
the organic radical RCO- in which R is an alkyl group as 
defined eibove. 

"Lower alkoxy-, "(lower alkyl ) amino" , "di (lower 
alkyDamino-, -{lower alkanoyl ) amino- . and similar terms 
mean alkoxy, alJ^lamino, dialkylamino, alkanoylamino, etc. 
in vAich the or each alkyl radical is a "lower alkyl' as 
described above. 

"Halogen- or "halo- means fluorine, chlorine, 
bromine, or iodine. 

"Derivative- of a compound means a con^und 
obtainable from the original compound by a simple chemical 
process 

"Activated derivative- of a compound means a reactive 
form of the original compound which renders the compound 
active in a desired chemical reaction, in which the 
original cwrpound is only moderately reactive or non- 
reactive. Activation is achieved by formation of a 
derivative or a chemical grouping within the molecule with 
a higher free energy content than that of the original 
compound, »«toich renders the activated form more 
susceptible to react with another reagent. In the context 
of the present invention activation of the carboxy group 
is of particular importance and corresponding activating 
agents or groi^ings which activate the carboxy group are 
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described in more detail below. An example of an activated 
derivative of L-valine is the compound of Formula IV 




wherein P is an amino -pro tec ting group and A is a 
5 carboxy-activating group, for example, halo , a lower 

acyloxy group, a carbodiimide group, such as l-ethyl-3- (3- 
dimethylaminopropyl) carbodiimide (EDAC) , an isobutyrate 
group, £uid the like. 

Of particular interest for the present invention is 
10 an amino acid anhydride which is an activated form of an 
amino acid which renders the amino acid (especially 
valine) susceptible to esterif ication. Amino acid 
anhydrides are included in the compounds of Formula IV, 
above. Especially useful for the present invention are 
15 the cyclic amino acid anhydrides of L-valine, described in 
PCT Patent Application WO 94/29311, such as 2-oxa-4-aza-5- 
isopropyl-cycloalkame-l, 3-dione of formula IVa: 




in which P is an amino protecting group. Other excunples 
20 of the cyclic amino acid anhydrides are protected amino 

acid N-carboxy cuihydrides (NCA's) described in more detail 
below. 
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^Protecting group' means a chemical group that (a) 
preserves a reactive group from participating in an 
undesirable chemical reaction; and (b) can be easily 
removed after protection of the reactive group is no 
longer required. For exanqple, the benzyl group is a 
protecting group for a primary hydroxyl function. 

•*Amino-protecting group*' means a protecting group 
that preserves a reactive amino group that otherwise would 
be modified by certain chemical reactions. The definition 
includes the silyl group -SiR3,, as defined below, the 
formyl group or lower alkanoyl groups with 2 to 4 carbon 
atoms, in particular the acetyl or propionyl group, the 
trityl or substituted trityl groups, such as the 
monomethoxytrityl group, dimethoxytrityl groups such as 
the 4, 4 '-dimethoxytrityl or 4 , 4 ' -dimethoxytr iphenylmethyl 
group, the trichloroacetyl group, the trif luoroacetyl 
group, and the N- (9-f luorenylmethoxycarbonyl) or •*FMOC* 
groi^>, the allyloxycarbonyl group or other protecting 
groups derived from halocarbonates such as (C6-Ci2)aryl 
lower allcyl carbonates (such as the N-benzyloxycarbonyl 
group derived from benzylchlorocarbonate) , or derived from 
biphenylalkyl halo carbonates, or tertieoy alkyl halo 
carbonates, such as tertiary butylhalocarbonates , in 
particular tertiary butylchloro-carbonate , or di (lower) - 
alkyldi carbonates, in particular di (t -butyl )di carbonate, 
the phthalyl group and triphenylmethyl halides such as 
triphenylmethyl chloride, and trif luoroacetic anhydride. 

^Hydroxy-protecting group- means a protecting group 
that preserves a hydroxy group that otherwise would be 
modified by certain chemical reactions, in the context of 
the present invention, the hydroj^r-protecting group can be 
the silane group -SiRa, resulting from the reaction of the 
silane compound of Formula XSiRa (Formula II), wherein R 
is alkyl of 1-10 carbon atoms, aralkyl or aryl, and X is a 
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halo, imidazo or an acetamido group, with the side chain 
hydroxy moiety of ganciclovir. 

"^Leaving group" means a Istbile group that is replaced 
in a chemical reaction by another group. Examples of 
leaving groups are halogen, the optionally substituted 
benzyloxy group, the isopropyloxy group, the mesyloxy 
group, the tosyloxy group or the acyloxy group. 

All the activating and protecting agents enployed in 
the preparation of the compound of Formula I must meet the 
following qualifications: (1) their introduction should 
proceed quantitatively and without racemization of the 
valine component; (2) the protecting group present during 
the desired reaction should be stcUt>le to the reaction 
conditions to be employed; and (3) the group must be 
readily rmioved under conditions in which the ester bond 
is stcdDle and under ^ich racemization of the L-valine 
conqponent of the ester does not occur. 

The process of the invention may also include the 
optical resolution of a prodrug of Formula I. Terminology 
relating to the stereochemistry and optical resolution of 
these ccHiipounds is described in Europeeui Patent 
implication EP 694 547 A. 

"•Optional* or "optionally* means that a described 
event or circumsteuice may or may not occur, and that the 
description includes instances where said event or 
circumstance occurs and instances in vAxich it does not* 
For example, "^optionally substituted phenyl' means that 
the phenyl may or may not be substituted and that the 
description includes both unsubstituted phenyl and phenyl 
wherein there is s\ibstitution; "optionally followed by 
converting the free base to the acid addition salt* means 
that said conversion may or may not be carried out in 
order for the process described to fall within the 
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invention, and the invention includes those processes 
wherein the free bcise is converted to the acid addition 
salt and those processes in which it is not. 

•Phannaceutically acceptable" means that which is 
useful in preparing a pharmaceutical con^sition that is 
generally safe and non-toxic and includes that which is 
acceptable for veterineury use as well as human 
pharmaceutical use. 

* Pharmaceutical ly acceptable salts* means salts which 
possess the desired pharmacological activity and v^ich are 
neither biologically nor otherwise undesirable. Such 
salts include acid addition salts formed with inorganic 
acids such as hydrochloric acid, hydrobromic acid, 
sulfuric acid, nitric acid, phosphoric acid, and the like; 
or with organic acids such as acetic acid, propionic acid, 
hexanoic acid, heptanoic acid, cyclopentane-propionic 
acid, glycolic acid, pyruvic acid, lactic acid, malonic 
acid, succinic acid, malic acid, maleic acid, fumauric 
acid, tartaric acid, citric acid, benzoic acid, 
o-(4-hydroxy-ben2oyl) ^benzoic acid, cinnamic acid, 
mandelic acid, methanesulfonic acid, ethanesulfonic acid, 
1,2-ethane-disulfonic acid, 2-hydroxyethane-sulf onic acid, 
benzenesulfonic acid, p-chlorobenzenesulfonic acid, 

2- naphthalenesulfonic acid, p-toluenesulfonic acid, 
camphorsulfonic acid, 4-methyl- 

bicyclo[2.2.2]oct-2-ene-l-carboxylic acid, gluco-heptonic 
acid, 4,4' -me thylene-bis (3 -hydroxy-2 -naphthoic) acid, 

3- phenylpropionic acid, trimethylacetic acid, tertiary 
butylacetic acid, lauryl sulfuric acid, gluconic acid, 
glutamic acid, hydroxy-naphthoic acids, salicylic acid, 
stearic acid, muconic acid, and the like. Preferred 
phannaceutically acceptable salts are those formed with 
hydrochloric, sulfuric, phosphoric acid, acetic or 
methanesulfonic acid, ethanesulfonic acid, 1,2-ethane- 
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disulfonic acid, 2-'hydroxyethanesulfonic acid, benzene- 
sulfonic acid, p-chlorobenzenesulfonic acid, 
2-naphthalenesul£onic acid, p-toluenesulfonic acid, and 
camphor sulfonic acid. 

5 Synthetic Reaction Parameters 

Unless specified to the contrary, the reactions 
described herein take place at atmospheric pressure within 
a t^K^rature rcuige from 5®C to 170^C (preferably from 
10*C to 50**C; most preferably at *room' or "^ambient* 
10 temperature, e.g., 20° - 30**C) . However, there are clearly 

some reactions where the temperature rsuige used in the 
chemical reaction will be ctbove or below these 
te»qE>erature ranges. Further, unless otheinnrise specified, 
the reaction times and conditions are intended to be 

15 approximate, e.g., taking place at about atmospheric 

pressure within a temperature range of about 5^C to about 
lOO'^C (preferably from about 10**C to about 50*^0; most 
preferably about 20^*0 over a period of about 1 to about 
100 hours (preferably about 5 to 60 hours) . Parameters 

20 given in the Examples axe intended to be specific, not 
approximate . 

Isolation and purification of the compounds and 
intermediates described herein can be effected, if 
desired, by any suitable separation or purification 

25 procedure such as, for exaa^le, filtration, extraction, 
crystallization, column chromatography, thin-layer 
chromatography or thick- layer chromatography, or a 
combination of these procedures. Specific illustrations 
of suitable separation and isolation procedures can be had 

30 by reference to the examples hereinbelow. However, other 
equivalent separation or isolation procedures ceui, of 
course, also be used. 
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Preferred Embodiments 

While the broadest definition of this invention is 
set forth in the Summary of the Invention as a process for 
preparing the coa^ound of Formula I and its pharma- 
ceutically acceptable salts, the (R,S) mixture and certain 
salts are preferred. 

The following acids are preferred to form 
pharmaceutically acceptable salts with the cospound of 
Formula I: hydrochloric, sulfuric, phosphoric acid, 
acetic, methanesulfonic, ethanesulfonic, 
1 , 2-ethanedisulf onic , 2-hydro3C/ethanesulf onic, 
benzenesulf onic , p-chlorobenzenesulf onic , 
2-naphthalenesulfonic, p-toluenesulf onic and 
camphor sulfonic acid. Most preferred are strong inorganic 
acids, such as hydrochloric, sulfuric or phosphoric acid. 

The most preferred compounds cure 2- {2-amino-l, 6- 
dihydro-6-oxo-piirin-9-yl) --methoxy-3-hydroxy-l-propyl L- 
valinate hydrochloride and acetate. These confounds can be 
prepared as crystalline materials and therefore can be 
easily manufacttired into stable oral formulations. 

In any of the processes described herein, a reference 
to Formula I, II, m, iv or IVa refers to such Formulae 
wherein P^, P^, R, x and A are as defined in their 
broadest definitions set forth in the Suiranary of the 
Invention, with the processes applying particularly to the 
presently preferred ^nbodiments. 

Details of the Synthetic Processes 

The process of the present invention involves the 
reaction of 2-(2-amino-l,6-dihydro-6-oxo-purin-9-yl)- 
methoxy- 1,3 -propanediol (ganciclovir) with a silyl 
confound of Formula II 
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XSiR3 

wherein R is alkyl of 1-10 c£u:bon atoms, aralkyl or euryl, 
suid X is a halo, imidazo or an acetamido group, to yield a 
soluble ganciclovir intermediate of Formula III 



OH 




wherein P is hydrogen or an amino-protecting group and R 
is alkyl of 1-10 carbon atoms, sirallcyl or aryl, and X is a 
halo, imidazo or an acetamido group. 

This procedure completely solubilizes the normally 
10 insoluble gemciclovir, producing an homogenous solution 
\^ich can then undergo selective monoesterif ication with 
an L-valine derivative of Formula IV or IVa. The 
resulting monovaline ester of ganciclovir is then 
subjected to removal of the silyl group, and any 
15 protecting groups to afford the compound of Formula I. 
This process provides the desired mono-I*- valine 
ganciclovir in only two steps. 

Cwipounds of Formula I can optionally be converted 
into a pheunnaceutically accept2d>le salt thereof. The 
20 process can also include the conversion of an acid 

addition salt of the prodrug of Formula I into a non-salt 
form, the optical resolution of a compound of Formula I or 
the preparation of the compound of Formula I in 
crystalline form. 
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The process for producing the compound of the Formula — 
I may or may not involve protection of the amino group in 
the 2-position of the guanine base, though the preferred 
process is carried out without a protected amino group. 
For the case when the ganciclovir starting material does 
have a protected 2 -amino group, the protecting group may 
be removed by conventional procedures, well-known in the 
art. For example, if the amino-protecting group is a 
lower alkanoyl group, basic conditions (pH between 8 to 
11) are employed to remove the protecting group. For 
exajorple, 2-N-acetyl ganciclovir is treated with an 
alkaline reagent such as ammonium hydroxide, sodium or 
potassium carbonate or sodium or potassium hydroxide until 
the removal of the acetyl group is complete. In general, 
this reaction will be conducted in the presence of a 
suitable solvent such as a lower alkanol. Preferably the 
starting material is dissolved in methanol and a 
stoichiometric excess of ammonium hydroxide is added. The 
reaction tenperature is kept between 0 to 50^C, preferably 
at room temperature. After the reaction is conplete 
(which can be determined by TLC) , another solvent may be 
added to facilitate isolation of the de^protected product, 
such as ethyl ether which leads to precipitation of the 
de-acylated product which can be filtered off and isolated 
using conventional separation methods. 

Starting Materials 

All starting materials enployed to make the con^und 
of Formula I are known, such as ganciclovir, the silane 
compounds XSiR3 (Formula II) , and the protecting and 
carboxylic-group-activating reagents. Preferred silane 
compounds are chlorotrimethyl silane and chloro-t- 
bu ty Idime thyls i lane 
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Prior to carrying out Step II (esterif ication step) , 
the amino group of the L-valine derivative must be 
protected to avoid its interference with the 
esterif ication by undesirable amide formation. The 
5 vcirious amino-protected L-valine derivatives useful in 

this invention, such as N-benzyloxycarbonyl -L-valine, BOC- 
L-valine and FMOC-L-valine, N-formyl -L-valine and N- 
benzyloxycarbonyl-N-carboxy-L-valine euihydride, are all 
comotnercially available (SNPE Inc., Princeton, NJ, Aldrich 

10 Chemical Co., Milnmukee, WI, and Sigma Chemical Co., St. 

Louis, MO.), or are described in the literature, such as 
N-allyloxycarbonyl -L-valine. Cyclic amino-protected L- 
valine derivatives are also described in the literature, 
as noted ed^ove. Of particulsur interest for the present 

15 invention is the benzyloxycarbonyl valine-siibstituted 2- 
oxa-4-aza-cycloalkane-l, 3-dione (Z-valine-N- 
carboxyeuihydride, or Z-valine-NCA) , which is also 
commercially available (SNPE Inc., Princeton, NJ) . 
Alternatively, the protecting step may be carried out by 

20 conventional methods. 

A preferred ganciclovir starting material for the 
preparation of the confound of the invention is the 
unprotected ganciclovir (2- (2-amino-l, 6-dihydro-6-oxo- 
pur in- 9 -y 1 ) -methoxy- 1,3 -propanediol) which is described in 
25 US Patent No. 4,355,032. Other ganciclovir starting 

materials may have protection at the 2 -amino group, such 
as 2-(2-acyl-amino-l, 6-dihydro-6-oxo-piirin-9-yl) -methoxy- 
1 , 3 -propeuiediol . 

Preparation of Activated derivative of L-valine: 

30 Prior to carrying out Step II (esterif ication step), 

L-valine must also be activated. At least 1 equivalent of 
the protected amino acid and 1 equivalent of a suitable 
coupling agent or dehydrating agent, for exanple 1,3- 
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dicyclohexylcarbodiimide or salts of such diimides with 
basic groups should be employed from the start. Other 
carbodiimides such as N,N'-carbonyldiimidazole may also be 
used. Pxarther useful dehydrating agents are 
trifluoroacetic anhydride, mixed anhydrides, acid 
chlorides, l-benzo-triazolyloxy- 

tris (diinethylamino)phosphonium hexaf luorophosphate, 
benzotriazole-l-yl-oxy-trispyrrolidinophosphonium 
hexafluorophophate 1-hydroxybenzotriazole, l-hydroxy-4- 
azabenzotriazole, l-hydro>v-7-azaben2otriazole, N-ethyl- 
N ' - { 3 - ( dimethylamino ) -propyl ) carbodi imide hydrochloride , 
3-hydroxy-3, 4-dihydro-4-oxo-l,2, 3-benzotriazine, O- 
(benzotriazol-l-yl> -1 ,1,3 , 3-tetramethyluroniiim 
hexaf luorophosphate, 0- (7-azabenzotriazol-l-yl) -1,1,3,3- 
tet ramethyluronium hexaf luorophosphate , O- ( 7 - 
azabenzotriazol-l-yl) -1,1,3 ,3-tetramethyluronium 
tetraf luoroborate, O- (IH-benzotriazol-l-yl) -1, 1, 3 , 3- 
bis(tetramethylene)uronimn hexaf luorophosphate or 0- (7- 
azabenzotriazol-l-yl) -1, 1,3,3-bis- (tetramethylenejuronium 
hexaf luorophosphate- A description of these coupling 
agents by L. A. Carpino can be found in J, Am. Cheat. Soc. 
1993, 115, p. 4397-4398. 

Also useful for this purpose are urethane-protected 
amino acid N-carboxy anhydrides (UNCA's) which are an 
activated form of an amino acid; these have been described 
by William D. Puller et.al. , jr. Am, Cham. Soc. 1990, 112, 
7414-7416, which is incorporated herein by reference* 
Other protected amino acid N-carboxy eoihydrides are 
described in PCT Patent Application WO 94/29311 discussed 
above. In summary, any other reagent that produces an 
anhydride or another activated derivative of the protected 
amino acid under mild conditions can be used as the 
coupling agent. 
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The amino-protected amino acid is dissolved in an 
inert solvent such as a halogenated lower alkane, 
preferably dichloromethane under an inert atmosphere, for 
example nitrogen, and the coupling agent is added 
(preferably 1^ 3-dicyclohexylcarbodiimide) . The reaction 
mixture is stirred at tenqperatures between O and 50^C 
preferably at cQ>out room temperature. The reaction mixture 
is filtered and the reaction product (the anhydride of the 
protected amino acid) isolated. The resulting product is 
dissolved in a dry inert solvent such as dry dimethyl- 
formamide and placed under nitrogen. 

Preparation of Mono-L-valine Ganciclovir 

Step I: 

G£Uiciclovir with an optionally protected 2-amino 
group is reacted with a silane cc»npound XSiR3 (Formula II) 
to give a soluble ganciclovir intermediate of Formula III. 

At least 1 equivalent (prefereQDly 1-2 equivalents, 
most preferably 1.2-1.5 equivalents) of the silyl reagent 
is added to a suspension of ganciclovir in an inert 
solvent, preferably an aprotic polsur solvent, at a 
t^nperature of 0-10°C followed by the addition of at least 
1 equivalent (usually 1.2-1.5 equivalents) of an organic 
base such as imidazole, t rime thy lamine (TMA) , piperidine 
or pyridine, most preferably imidazole. 

Step II: 

In this step an activated derivative of amino- 
protected L-valine of the Formula IV or IVa is esterified 
with the ganciclovir intermediate obtained in Step I. 
Suitable amino-protecting groups for the L-valine 
derivative are the N-benzyloxycarbonyl group, the phthalyl 
group, the tertiary butyloxycarbonyl group and the N-(9- 
fluorenylmethoxycarbonyl) or *FMOC' group. 
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A solution of the monosilyl -protected product of Step 
I is added to an approximately equivalent amount of the 
activated L-valine derivative, preferably Z-valine-N- 
carboxyanhydride or L-valine anhydride. The reaction 
5 mixture is stirred at 10**-40°C, preferably at ainbient 

temperature for 10-90 hours, preferably about 72 hours. 
Step III: 

The silyl group can be removed eeisily after 
conpletion of the previous steps by acidic hydrolysis in a 
10 maimer well-known to those skilled in the cirt. The 

hydrolysis reaction is preferably carried out by treating 
the silyl mono-valine ganciclovir intermediate obtained in 
Step II with dilute aqueous acid, preferably dilute 
aqueous hydrochloric acid. 

15 Step IV: 

The valine amino-protecting group in the product of 
Step III is removed by a de-protection reaction, 
preferably in an acidic medium or solvent, most preferably 
by hydrogenolysis . De-protection under acidic conditions 

20 is preferred, as this will ensure that the amino group 
liberated in the de-protection reaction will be 
protonated; that is, that the base of Formula I as it is 
formed in the de-protection reaction will be captured by 
an at least stoichiometric amount of acid present. 

25 Isolating the compound of Ponmila I as an acid addition 
salt will protect the desired stereoconf iguration of the 
compound of Formula I. Therefore, those exanples given 
below that show the de-protection step also show the 
conccHoitant salt formation step. 

30 The de-protectipn reaction is carried by dissolving 

the product of the previous step in an inert solvent, 
preferably in an acidic solvent, using a hydrogenation 
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catalyst, such as palladitoxn hydroxide on carbon, palladiiun 
on carbon, or platintim, using elevated hydrogen pressure 
between 1 and 2000 psi (0.07-140 atm) , preferably 50 to 
200 psi (3.5-14 atm) , most preferably 5 to 20 psi (0.35- 
1.4 atm) . The con^letion of the reaction can be monitored 
using conventional TLC cinalysis. The hydrogeno lysis is 
continued xintil the conversion is complete, if required 
with addition of further hydrogenation catalyst. The 
catalyst is removed £uid washed. The combined filtrates 
from filtration and the washings are concentrated and 
lyophilized to isolate ganciclovir L*valine ester. The 
purification of the product and the isolation of a 
crystalline ester is carried out by recrys tall izat ion or 
other purification techniques, such as liquid 
chromatographic techniques. 

If the tertiary butyloxyceurbonyl group is being used 
as amino-protecting group, its removal is effected with 
acid, such as HCl and isopropanol as a solvent or with 
trif luoroacetic acid neat. 

Preparation of Salts 

One of ordinaury skill in the axt will also recognize 
that the compound of Formula I may be prepared as an acid 
addition salt or as the corresponding free base. If 
prepared as an acid addition salt, the compound can be 
converted to the free base by treatment with a suitable 
base such as ammonium hydroxide solution, sodium 
hydroxide, potassiiun hydroxide or the like. However, it is 
important to point out that the free base of Formula I is 
more difficult to characterize than its acid addition 
salts. When converting the free base to an acid addition 
salt, the compound is reacted with a suitable organic or 
inorganic acid (described earlier) . These reactions are 
effected by treatment with an at least stoichiometric 
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amount of an appropriate acid (in case of the preparation 
of an acid addition salt) or base (in case of liberation 
of the free compound of Formula I) . In the salt- forming 
step of this invention, typically the free base is 
dissolved in a polcu: solvent such as water or a lower 
alkanol (preferably isopropanol) and mixtures thereof and 
the acid is added in the required amount in water or in 
lower alkanol. The reaction temperature is usually kept at 
about 0 to 50 ^ C, preferably at about room ten^rature. 
The corresponding salt precipitates spontaneously or can 
be brought out of the solution by the addition of a less 
polar solvent, removal of the solvent by evaporation or in 
a vacuum^ or by cooling the solution. 

Isolation of Stereoisomers and the Manufacture of 
Crystalline 2- {2-Amino-l, 6-dihydro-6-6xo-purin-9-yl) - 
methoxy-3 -hydroxy-l-propyl-L-valinate 

From the Formula (I) it is apparent that the con?>ound 
of the invention has one asymmetric ceurbon atom (chiral 
center) in the propanyl chain, in addition to the 
asymmetric carbon atom in L-valine. Therefore, two 
diastereomeric forms exist, the (R) - and (S)- form as 
determined by the rules of Cahn et al. Suitable methods 
for the separation of the diastereomers eure described in 
European Patent Application EP 694 547 A. 

The compounds of Formula (I) may also be prepared in 
crystalline form, vAiich has many well-known advantages 
over the non-crystalline form. Suitable methods for the 
prepeiration of the compounds of the invention in 
crystalline form are also described in Europeem Patent 
Application EP 694 547 A. 

The following preparations and examples are given to 
enable those skilled in the art to more clearly understand 
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and to practice the present invention. They should not be 
considered as limiting the scope of the invention, but 
merely as being illustrative and representative thereof. 

Preparation of 2- (2-amino-l, 6-dihydro-6-oxo-purin-9-yl) - 
methoxy- 3 -hydroxy- 1 -propyl -N- (benzyloxyceurbonyl) -L- 
valinate 

To a suspension of 2- (2-amino-l, 6-dihydro-6-oxo- 
purin-9--yl)-methoxy-l, 3 -propanediol {ganciclovir, 10 kg, 
39.2 moles) in dimethyl formamide (25 1) at -5*" to O^C under 

an atmosphere of nitrogen was added chlorotrimethylsilane 
(5.1 kg, 47.0 moles) at such a rate that the temperature 
of the slurry did not exceed lO^C. Once the addition was 
finished, the slurry was stirred at O^C for 3 hours. To 
this slurry/ solution was added imidazole (3.2 kg, 47.0 
moles) in one portion. After stirring an additional 30 
minutes, the reaction mixture was added to Z-valine-NCA 
(10 kg, 36.0 moles) over a period of 15 minutes. This 
mixture was allowed to stir for a period of 72 hours under 
a nitrogen atmosphere at 21**-23®C. 

The reaction mixture was then slowly added to a well 
stirred solution of 3M HCl (133 1) and CH2CI2 (120 1) at 
such a rate that the internal reaction tesiperature did not 
exceed 25^C. The stirring was stopped and the layers were 
allowed to separate. The organic layer was collected in a 
polyethylene drum. The remaining aqueous fraction was 
extracted successively with 38, 19, 15 and 15 1 of CH2CI2. 
All of the organic fractions were collected in the clean 
polyethylene 6xum and reserved. The aqueous fraction was 
then made basic to pH 1.5 with NH4OH. The precipitate 
resulting from this step was collected by filtration. The 
filter cake so formed was washed twice with H20 (2X20 1) . 
This solid was dissolved in 3M HCl (133 1)/ CH3OH (90 1) 
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and this solution was added to a well stirred solution of 
the collected organic fractions from the first extraction. 
Stirring was stopped after 5 minutes and the layers were 
allowed to separate. The aqueous layer was collected and 
5 cooled to 5^C. The orgamic phase was re-extracted three 
more times with 3M HCI/CH3OH (66 1/ 45 1 for the first 
extraction, 33 1/ 22 1 for the second extraction, 30 1/ 25 
1 for the third extraction) . The combined aqueous 
fractions were cooled to 5^C and treated with NH4OH until 

10 a pH of 5-5 was attained (21.4 kg of NH4OH) . The 

resulting precipitate was collected by filtration. The 
filtercake so collected was washed with H2O (2X20 1) and 
dried under a stream of nitrogen. The solid was placed in 
a vacuum oven at 55^C and a vacuum of 25 ins was 

15 maintained with a nitrogen bleed. After 14 hours in the 
oven, the product, 2- (2-amino-l, 6-dihydro-6-oxo-purin-9- 
yl) -methoxy-3'-hydroxy-l''propyl-N- (benzyloxycarbonyl) -L- 
valinate, (or N-Z-ganciclovir monovalinate) had reached a 
constant weight: 6.7 kg. Purity: (HPLC) 97.8%; H2O 

20 content: 2.1% water by the Karl Fisher test. 

EXAMPLE 2 

Preparation of 2- {2-amino-l , 6-dihydro-6-oxo-purin-9-yl) - 
methoxy-3-hydroxy-l-propyl-L-valinate hydrochloride 

A vigorously stirred suspension of Pd(0H)2/C (670 g) 
25 in CH3OH (23 1) was treated with H2 gas (7 psi [0.49 atm]) 

for 12 hours. To this suspension was added a solution of 
N-Z-ganciclovir-monovalinate, 6.7 kg, 13.7 moles) in CH3OH 
(34 1) containing concentrated HCl (1.64 kg) . The H2 
atmosphere was maintained at 7 psi [0.49 atm] . The 
30 atmosphere was replaced at 20 minute intervals. After 

2.75 hours, the H2 atmosphere was replaced with nitrogen. 
The catalyst was r^noved by filtration through Solka Floe. 
The filtrate was concentrated in vacuo to approximately 13 
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1, at vdiich time H2O (4 1) was added. The voluine of the 
filtrate was again reduced to approximately 13 1. The 
temperature of the mixture was adjusted to approximately 
38^C and isopropyl alcohol (24 1) was slowly added. After 
5 crystallization had occurred, the mixture was cooled to 
21^C over a period of 2 hours. Additional isopropyl 
alcohol (24 1) was added and the mixt\ire was stirred for 
16 hours at 5^C. The solid was then collected by 
filtration. The filtercake was washed with cold isopropyl 

10 alcohol (19 1) and dried under a stream of nitrogen for 3 
days. The. solid product, 2-(2-amino-l,6-dihydro-6-oxo- 
pur in- 9 -y 1 ) -me thoxy- 3 -hydroxy- 1 -propyl -L - val inate 
hydrochloride, was placed in a vacuum oven (SO^'-SS^C, 
nitrogen bleed to maintain 25 in vacuum) . Isopropyl 

15 alcohol was found to be 0,4% after 24 hours. Weight of 
solid: 4.35 kg. Purity: (HPLC) 98.6%; MS: 355 (MH)'*'. 
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Claims 



1. A process for preparing the compound 2-(2-amino- 
1, 6-dihydro-6-oxo-purin-9-yl) -methoxy-3 -hydroxy- 1 -propyl - 
L-valinate or a pharmaceutically acceptable salt or 
diastereozners thereof which process comprises: 

(a) esterifying a soluble mono silyl derivative of an 
optionally 2--N-protected 2-(2-amino-l, 6-"dihydro-6- 
oxo-pur in- 9 -yl ) methoxy- 1 , 3 -propanediol 
(ganciclovir) or a salt thereof, with an activated 
derivative of L-valine in N-protected form; 

(b) removing the silyl group from the compound 
prepared in step (a) ; 

(c) removing any amino-pro tec ting group from a 
compound with the formula 

OH 



dihydro-6-oxo-purin-9-yl>-methoxy-3-hydroxy-l-propyl-L- 
valin^te or a pharmaceutically acceptable salt thereof; 

(d) optionally converting the compound 2-(2-amino- 
1, 6-dihydro-6-oxo-purin-9-yl) -methoxy- 3 -hydroxy- 
1-propyl-L-valinate into a pharmaceutically 
acceptable salt thereof; or 




OH 



v^erein P is an amino-protecting group, and is 
hydrogen or to afford the conpound 2- (2-amino-l, 6- 
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(e) optionally converting the acid addition salt of 
the compound 2- (2-arainO'-l, 6-dihydro-6-oxo-purin- 
9-yl) -methoxy-3-hydroxy-l-propyl-L-valinate to a 
non-salt form; or 

(f) optionally diastereoisomerically separating 2-(2- 
amino-l, 6-dihydro-6-oxo-purin-9-yl) -methoxy-3- 
hydroxy-1 -propyl -L-valinate into its (R) and (S) 
diastereoisomers . 

2. The process of Claim 1 wherein the soluble silyl 
derivative is prepared by reacting 2- {2-amino-l, 6-dihydro- 
6~oxo-purin-9-yl) -me thoxy- 1,3 -propanediol (ganciclovir) or 
a salt thereof, with a silane conqpo\md of Fonraila XSiR3 , 
wherein R is allcyl of 1-10 carbon atoms, aralkyl or aryl, 
and X is a halo, imidazo or an acetamido group. 

3 • The process of Claim 2 wherein the reaction is 
carried out in the presence of an organic base, preferably 
wherein the base is pyridine, trimethylamine or imidazole, 
most preferably imidazole. 

4. The process of Claim 2 wherein the silane 
compound is chlorotrimethyl sileuie or chloro~t-butyl- 
dime thy Isi lane . 

5. The process of Claim 2 wherein the reaction is 
carried out in the presence of at least 1 equivalent of 
the silane compound, preferably 1-2 equivalents, most 
prefere^^ly 1.2-1.5 equivalents. 

6. The process of Claims 1 to 5 wherein the 
activated derivative of L-valine is Z-valine-N-csurboxy- 
anhydride . 



wo 97/271W 



- 29 - 



PCT/EP97/00228 




vdierein P is hydrogen or an amino-pro tec ting group and R 
is alJcyl of 1-10 carbon atoms, aralkyl or ciryl, and X is a 
halo, imidazo or an acetaznido group. 

8. A process for preparing the cbinpound of Claim 7 
which process con^rises reacting 2- (2-amino-l, 6-dihydro-6- 
oxo-purin-9-yl) -me thoxy- 1,3 -propanediol (ganciclovir) or a 
salt thereof, with a silcine compound of Formula XSiR3, 
wherein R is alJ^rl of 1-10 carbon atoms, aralkyl or aryl, 
and X is a halo, imidazo or an acetamido group. 

9. The process of Claim 8 wherein the reaction is 
carried out in the presence of an organic base, preferably 
wherein the base is pyridine, trimethylamine or imidazole, 
most preferably imidazole. 

10. The process of Claim 8 wherein the sileme 
compound is chlorotrimethyl silane or chloro-t- 
butyldimethylsilane • 

11. The process of Claim 8 wherein the reaction is 
carried out in the presence of at least 1 equivalent of 
the silane compoimd, preferably 1-2 equivalents, most 
preferably 1.2-1.5 equivalents. 
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